In a scalable video coding (SVC), spatial up-sampling of video sequences is an important process for spatial scalability. We propose an up-sampling method based on the type-I DCT. For further improvement of the upsampling method, we introduce an adaptive filtering method, which applies different weighting parameters to DCT coefficients. The proposed adaptive up-sampling method shows much improved PSNR in comparison with the recent H.264 SVC up-sampling method.
INTRODUCTION
Recently, H.264/AVC provides scalable video model for scalable extension of H.264/AVC. It inherited most building blocks of H.264 with some improved features for scalability such as UMCTF (unconstrained motion compensated temporal filtering) having no up-date step [1] . For spatial scalability, 11 taps and 6 taps filters were exploited in current JSVM (ioint scalable video model) for down/up-sampling, respectively. Although their computational complexity and down and up-sampling performance are proper to be exploited in scalable video coding, more improvement must be made for ratedistortion performance of scalable video coding, i.e., the performance of spatial scalability depends on the adopted down/up-sampling method.
Many researches were performed for image resizing by using DCT kernel employing characteristics of DCT [2] [3] . However, this method can be applied only to the transcoding application.
We proposed a new spatial domain down/up-sampling method using type-2 DCT with half-pel shift in resizing [4] . When no-phase shift is expected like current coordinate of H.264 SVC, we propose type-I DCT based up-sampling. In addition, we apply the adaptive filtering method in the type-I DCT based up-sampling, which applies different weighting parameters to each DCT kernel. When this method is applied, up-sampling operation in the decoder has no difference in the computational complexity compared to the type-I DCT up-sampling with constant weighting parameters, where it can be called as the fixed type-I DCT up-sampling.
In this paper, we introduce an fixed type-I DCT upsampling method in section 2. The proposed up-sampling method exploits various symmetries inherited from the type-I DCT and IDCT kernel for fast algorithm, which is described in section 3. The adaptive up-sampling method is described in section 4. Experimental results and analysis of the proposed method are given in section 5, and section 6 concludes the paper.
Type-i DCT up-sampling method
Since the symmetry assumption in type-I DCT has no shift in spatial domain, the type-I DCT has no phase-shift in down/up-sampling. Definition of non-orthogonal type-I DCT is given as follows,
where f (n2) is the input signal having N+1 sample size. Figure I represents the up-sampling scheme using type-I DCT. To make Nyquist interpolation kernel, the highest frequency signal in the transform coefficient should be halved. Then, N zeros are appended in the high frequency region. We can write the two-fold up-sampling process in a matrix form as follows:
where T(N+1)X(N+1 
where
The combined up-sampling kernel provides an efficient implementation structure. We employ an overlapping method to reduce blocking artifact and to improve the PSNR performance. In our implementation with the pixel overlapping, type-I DCT with N+1=13 and type-I IDCT with 2N+1=25 samples are used for the two-fold upsampling. The overlapped points after up-sampling are averaged to further reduce the blocking artifacts. Actually, for the sake of computational efficiency, the overlapping pixels after up-sampling can be simply truncated instead of averaging [5] . 3. Fast algorithm of up-sampling Since type-I DCT up-sampling matrix follows Nyquist interpolation criteria, the even row of the up-sampling matrix can be removed in figuring. Therefore, VNU( 1) represents odd row up-sampling kernel. We can show the up-sampling matrix of type-I DCT is symmetric, i. e., UT (N l)A,n2) = VNX(N+l))(N-1 -n,,N-n). This symmetry can be exploited for reducing the number of multiplications of the up-sampling kernel like type-2 DCT up-sampling [4] . Since the column length of the type-I DCT based up-sampling is odd, We can change the odd column-size up-sampling matrix to even column-size matrix as follows, DCT up-sampling filter with a half of N. The decomposition of F2 filter can be possible until F2 filter becomes 2x2 with some manipulations. Table 1 shows the up-sampling complexity of the H.264 SVC, the proposed up-sampling without fast algorithm, and the proposed up-sampling with fast algorithm. 
number of adaptive parameters is N-1. Since vo controls DC component, it always set to I., and v, is 0 in eq. (8).
When the proposed adaptive up-sampling method is applied, the up-sampling matrices of VUO,A and HU°OA are computed and transmitted for every frame by using the optimum weighting parameters of PI and Ph X respectively. The entropy coding of adaptive parameters were employed with UVLC [1] . The computational complexity of up-sampling matrix is same as that of all weighting parameters of one, which is the fixed type-I DCT up-sampling matrix. Therefore, we can apply the proposed fast algorithm of previous section with suitable modification.
We used least-square minimization method for obtaining adaptive parameters. Figure 2 shows the sample position in two-fold up-sampling. where s and subscript denote stacked operator and column indices of matrix, respectively. We omit complex derivation process for simplicity. Therefore, we can obtain optimal solution as follows, Fig. 3 with high quality base-layer coding using QP of 24. The maximum improvements of PSNR are about 0.4 dB (a) and 0.65 dB (b). The fixed up-sampling denotes the proposed type-I DCT up-sampling without adaptive parameter. We can see the adaptive up-sampling method improves 0.2-0.3 dB compared to the fixed up-sampling method. The improvements of PSNR are 0.25 dB (a) and 0.35 dB (b) in the middle quality base layer coding with QP 30. The proposed adaptive up-sampling method still provides more improved result with middle quality coding. However, H.264 SVC provides any condition of base layer video quality, so the proposed adaptive up-sampling method will be efficient at the high and middle quality of base-layer for spatial scalability.
Conclusions
We proposed an adaptive up-sampling method for performance improvement of spatial scalability in the H.264 SVC. We developed the up-sampling method using type-I DCT without phase shift. Also we proposed a fast algorithm for up-sampling using symmetries of DCT kernel. By transmitting the adaptive parameters of type-I DCT up-sampling kernel, we showed the improved result of the proposed adaptive up-sampling method in comparison with the JSVM up-sampling method under the proper assumption of base layer quality. We are expecting that the proposed method can improve the spatial scalability performance of H.264 SVC. 
